Abstract Introduction The Preoperative Chemotherapy in Primary Operable Breast Cancer (POCOB) study was designed to compare preoperative with postoperative chemotherapy in patients with early breast cancer concerning breast conserving therapy (BCT) procedures, disease free survival (DFS) and overall survival (OS). Methods Patients (n = 698) with early breast cancer were enrolled between 1991 and 1999 and randomized between preoperative versus postoperative chemotherapy (four cycles of fluorouracil, epirubicin, and cyclophosphamide). Endpoints were BCT procedures, DFS, OS, and tumor response to preoperative chemotherapy. In addition, tumor tissue was collected for translational research and the following markers were examined: ER, PgR, HER2, p21, p53, and bcl-2 expression. Results With a median follow-up of 10 years, there was no statistically significant difference between the two treatment arms for OS (HR = 1.09; 95%CI 0.83-1.42; P = 0.54), DFS (HR = 1.12; 95%CI 0.90-1.39; P = 0.30), or locoregional recurrences (LRR, HR = 1.16; 95%CI 0.77-1.74). Preoperative chemotherapy was associated with an increase in BCT rates. BCT in part feasible due to tumor downsizing after preoperative chemotherapy was not correlated with higher LRR or worse OS compared to BCT which was feasible without downsizing of the tumor. Using available tumor material, only tumor stage, nodal stage, and grade were independent prognostic factors for overall survival. Conclusions Preoperative chemotherapy does not result in a difference in OS or DFS compared to postoperative chemotherapy in patients with early breast cancer. Moreover, it increases BCT rates with no significant increase of LRR. This implies that preoperative chemotherapy is a safe procedure for patients with early breast cancer, even after a follow-up period of 10 years.
Introduction
Preoperative, primary, or neoadjuvant systemic therapy is systemic therapy before local treatment. This form of initial treatment is widely used and has become increasingly common in the management of patients with (large) early breast cancer. Preoperative chemotherapy was introduced in the 1980s and was based on several translational hypotheses. First, the Goldie-Coldman hypothesis, which implies that out of an increasing tumor cell population an ever expanding number of drug-resistant phenotypic variants arise due to spontaneous somatic mutations [1] . This occurrence of resistant cells can be minimized by initiating chemotherapy as soon as possible. Secondly, surgical removal of tumor in animal models led to an increase in labeling index of metastasis and in circulating growthstimulating factors [2] [3] [4] . Chemotherapy administrated before surgery could prevent these kinetic changes [5] . These hypotheses were the basis for several randomized studies, initiated in the end of the last century, comparing preoperative chemotherapy with the same regimen of chemotherapy administered postoperative [6] [7] [8] [9] [10] [11] [12] .
None of these trials showed differences in disease free survival (DFS) and overall survival (OS) between patients in the preoperative and postoperative groups. In addition, provided that patients undergo surgical excision of the tumor, locoregional recurrence (LRR) rates are not increased. This was also the case when all trials were analyzed in a Cochrane analysis [13] . Although these randomized trials have not shown a survival advantage, use of preoperative chemotherapy has several advantages over postoperative chemotherapy. First, tumor response can be monitored in vivo and appropriate changes can be made in case of drug resistance. Second, it allows downsizing of tumors, making previously ineligible patients eligible for breast conserving therapy (BCT). Third, preoperative treatment is the keystone for translational research.
In 1991, the European Organization for Research and Treatment of Cancer (EORTC) initiated a randomized trial (EORTC trial 10902, or the Preoperative Chemotherapy in Operable Breast Cancer, POCOB trial) to compare preoperative to postoperative chemotherapy in patients with early breast cancer. Objectives of this trial were: (1) to determine whether preoperative chemotherapy would permit more BCT by reducing the size of the primary tumor, (2) to determine DFS and OS in both groups, and (3) to evaluate the tumor response to preoperative chemotherapy and correlate this to DFS and OS.
Findings with respect to the 5 year outcome, BCT rates, response rates, and toxicity have been published previously [9] . Although there were no significant differences in OS and DFS between both groups, preoperative chemotherapy did allow more BCT. Additionally, translational research suggested that p53 expression is correlated with tumor response to preoperative chemotherapy [14] . This report updates the clinical and translational outcome results throughout 10 years of follow-up.
Patients and methods

Patients and treatment assignment
Women were enrolled in 17 institutions in 14 countries between April 1991 and May 1999. Eligibility criteria and treatment have been described previously [9] . In summary, eligible patients had primary early breast cancer (T1c, T2, T3, T4b, N0-1, and M0), preferable diagnosed by core needle biopsy or by fine needle aspiration cytology as part of triple diagnosis. All patients gave informed consent before entering into the trial and ethics authorities approved the protocol before enrolment of patients began. Randomization was performed centrally by the EORTC Data Center. Stratification factors were: institution, age, clinical tumor size, clinical nodal status, and planned indicated type of surgery. Patients were randomly assigned to receive surgery in combination with either preoperative or postoperative chemotherapy. Surgery consisted out of modified radical mastectomy or BCT (lumpectomy plus axillary dissection and irradiation of the whole breast). Additionally, radiotherapy was indicated in all cases where surgery was not considered to be radical. Chemotherapy consisted of four cycles of preoperative fluorouracil 600 mg/m 2 , epirubicin 60 mg/ m 2 , and cyclophosphamide 600 mg/m 2 (FEC) administered intravenous, at 3 week intervals. Patients who were C50 years of age were considered to be postmenopausal and received tamoxifen 20 mg daily for at least 2 years, regardless of the estrogen receptor (ER). All patients were followed up until death.
Tumor response
The primary tumor and the axillary lymph nodes were clinically estimated (palpation and mammography) before randomization and at time of surgery. The product of the two greatest perpendicular diameters was used to compare tumor size before and after chemotherapy, as defined by the International Union Against Cancer criteria [15] . The absence of clinical detectable malignant disease determined by palpation as well as mammography was categorized as clinical complete response (cCR). The absence of microscopic residual tumor cells at the primary site and axillary lymph nodes was categorized as pathological complete response (pCR). A partial response (PR) was defined as a decrease of tumor size by 50% or more. Progressive disease (PD) was defined as an increase of 25% in tumor size after a minimum of two courses of preoperative chemotherapy. In patients with clinically negative nodes at randomization, development of palpable nodes during the administration of preoperative chemotherapy was considered evidence of PD. Patients whose tumor did not meet the criteria for cCR, PR, or PD were considered as having stable disease (SD).
Outcome measures OS was defined as the time between randomization and death from any cause. DFS was defined as the time between randomization to disease relapse (including LRR, distant metastases, secondary primary tumors, and contralateral breast cancers) or death, depending which came first. LRR was defined as a recurrence in the ipsilateral breast or in the ipsilateral regional lymph nodes, including supraclavicular nodes.
Immunohistochemical analysis of collected material
Blocks were collected from resection specimens and core needle biopsies in case of preoperative treatment taken before the start of chemotherapy in order to avoid interference of the chemotherapeutic regime with expression levels of oncogenic markers. All immunohistochemical analyses were performed in one reference laboratory and results were assessed two pathologists who were unaware of clinical outcome of patients. Invasive carcinomas were histologically graded according to the method of Bloom and Richardson, adapted by Elston and Ellis. ER, progesterone receptor (PgR), humane epidermal growth factor receptor 2 (HER2) expression, p53 accumulation, p21, and bcl2 expression were assessed as described previously [14] .
Statistics
Patients were analyzed according to their assigned treatment regardless of compliance or cross-over. Survival curves were estimated using the Kaplan-Meier method. The two treatment arms were compared using log-rank test for the time-to-event endpoints. Cox proportional hazards model was used to compute relative risks and 95% confidence intervals (CI). All data were analyzed using the statistical package SPSS for Windows 15.0 (SPSS Inc, Chicago, IL, USA). Descriptive data are given as mean (SD) or median (Range). Pearson's chi-square or Fisher's exact test was used to compare frequencies among groups. LRR are reported as cumulative incidence functions, after accounting for death as competing risk [16] . All testing was two-tailed with 0.05 as level of significance [17] . The trial was designed to detect a 10% survival difference at 5 years (from 75% to 85%) with 80% power, for which 102 events were needed.
For DFS and OS, variables were examined using univariate Cox regression to determine univariate associations. Multivariate analyses were performed using Cox proportional hazards model entering significant variables (defined as those with P \ 0.1) of univariate analysis.
Results
Patients
Of the 698 patients, 350 patients were randomized to receive preoperative chemotherapy, and 348 patients were randomized to receive postoperative chemotherapy. Tumor and patients characteristics were well distributed between the two groups ( Table 1) . Twenty-one patents were ineligible. Median follow-up was 10 years (0-14 years).
Overall survival
The 10 year OS was 66% in the postoperative group (104 deaths) and 64% in the preoperative group (111 deaths). Similar to the previous publication, no significant differences in survival between the two treatment arms were observed (hazard ratio (HR) = 1.09; 95%CI 0.83-1.42, P = 0.54; Fig. 1a ).
Relapses
To date, 332 patients (48%) have experienced relapse of disease, new primary, and/or death. DFS rates after 10 years: 50% in the postoperative group 48% and in the preoperative group (HR = 1.12; 95%CI 0.90-1.39, P = 0.30; Breast conserving therapy and locoregional recurrences As previously published, the BCT rate was higher in the preoperative group than in the postoperative group (35% vs. 22% respectively) [9] . However, in the same publication it was stated that patients planned for mastectomy but undergoing BCT after tumor downsizing did worse in terms of OS compared to patients who were initially allotted to receive BCT and treated according to plan. This difference cannot be observed after a follow-up of 10 years. We compared three groups: the first group consisting of patients in the postoperative group who were treated with BCT (n = 64); the second group containing patients in the preoperative group who were initially eligible for BCT (n = 63); and the third group composed of patients in the preoperative group who became eligible for BCT due to tumor downsizing (n = 58). There were no statistically significant differences in LRR (group 1 vs. 2 and 3; HR = 1.00; 95%CI 0.46-2.15 and Tumor and patients characteristics were well distributed between the two groups. Only BCT rates were higher in the preoperative chemotherapy group as a result of tumor downsizing due to preoperative chemotherapy HR = 1.10; 95%CI 0.50-2.39; overall P = 0.97) or in OS (group 1 vs. 2 and 3; HR = 1.03; 95%CI 0.51-2.09 and HR = 1.33; 95%CI 0.66-2.66; overall P = 0.67) (Fig. 3) . BCT after tumor downsizing is not associated with an increased incidence of LRR.
Association between pathological tumor response and outcome pCR was compared to no pCR with respect to LRR and OS. No statistically significant differences were seen in our population (resp. HR = 0.91; 95%CI 0.22-3.75, P = 0.89 and HR = 4.77; 95%CI 0.67-34.15, P = 0.12).
Translational research
Paraffin material was available from 117 patients from the preoperative group and 32 patients from the postoperative group. Results concerning correlation between cCR, pCR, and patient and tumor characteristics have been published before [14] . With a follow-up of almost 10 years, independent prognostic factors for DFS were age, pathological tumor and nodal stage, performed surgery, use of tamoxifen, and p21 expression ( Table 2) . In multivariate analysis, younger age, positive nodal stage, and omission of tamoxifen were correlated with a shorter DFS ( Fig. 1 (a) Overall and (B) disease free survival according to treatment. Likewise to previous outcomes, there is no difference between both treatment arms tumor and nodal stage, use of tamoxifen, multifocal disease and tumor grade ( Table 2) . In multivariate analysis, higher tumor stage, positive nodal stage and higher grade were correlated with a shorter OS (Table 3) .
Discussion
This long term follow-up analysis shows that preoperative chemotherapy increase BCT rates without increasing LRR rates. Preoperative chemotherapy is a commonly used treatment option for locally advanced breast cancer and is used increasingly in early breast cancer. However, some physicians, especially surgeons, still have a threshold using preoperative chemotherapy in early breast cancer patients. The main issues are: (1) Does preoperative chemotherapy have a negative effect on LRR? (2) Which patients treated with BCT after preoperative chemotherapy have a higher change of LRR? (3) How can the tumor be localized after preoperative chemotherapy, especially after cCR? (4) What is optimal treatment of the axilla, especially after the introduction of the sentinel lymph node procedure (SLNP)? (5) Which patients should be selected? (6) What is the change on PD, is fear for PD justified?
Does preoperative chemotherapy has a negative effect on LRR?
Preoperative chemotherapy allows tumor downsizing in approximately 26% of patients and therefore less extensive surgery is needed [6] [7] [8] [9] [10] . In studies comparing preoperative to postoperative chemotherapy, more LRR were seen in patients receiving preoperative chemotherapy. However, this difference was largely influenced by three studies in which some patients did not receive surgery but only radiotherapy after cCR. In one of these trials, LRR percentage was 34% after a follow-up of 10 years [8] . When these three studies are excluded from further analysis, no statistically significant differences were seen in LRR between patients treated with preoperative or postoperative chemotherapy [13] . Therefore, it can be concluded that it is not permitted to omit surgery after preoperative chemotherapy.
Additionally, there has been concern regarding employment of BCT after downsizing due to preoperative chemotherapy. When comparing tumors initially feasible for BCT to tumors having become BCT-feasible after downsizing, we found no differences in LRR or OS. This in contrast to our previous publication where it was stated that downsized BCT was correlated with worse survival (HR = 2.53; 95%CI 1.02-6.25) [9] . After the first year, patients treated with BCT feasible after downsizing of the tumor have a slightly worse survival than patients with initially feasible BCT. However, both survival curves congregate after 8 years and after this period no difference can be seen between both groups. It was not possible to observe this in the previous publication due to the short follow-up. The current analyses include more patients with a longer follow-up and indicate that BCT after downsizing of the tumor is comparable to initial BCT without Fig. 3 Comparison of (a) locoregional recurrence and (b) overall survival of patients treated with breast conservation surgery. Group I: patients in the postoperative group who were treated with breast conserving surgery. Group II: patients in the preoperative group who were initially eligible for breast conserving surgery. Group III: patients in the preoperative group who became eligible for breast conserving surgery due to tumor downsizing. No statistically significant differences between these groups concerning locoregional recurrence and overall survival are observed Patients of whom tumor material was available are included chemotherapy [18] . An excellent locoregional control was observed in these patients: just 3 of 109 patients developed a LRR after a median follow-up of almost 7 years.
Which patients treated with BCT after preoperative chemotherapy have a higher change of LRR?
In the same center, an index was developed on a scale of 0-4 which identified subgroups of patients with significantly different rates of LRR after chemotherapy followed by BCT [19, 20] . Patients with a score of 4 had a higher chance of LRR than patients with a lower score. Factors included in this index were clinical N2-N3 disease, lymphovascular invasion, residual pathological tumor size [2 cm, and pathologically multifocal residual disease. This index was validated in a relatively large cohort of patients (n = 815), including patients treated with mastectomy [21] . Only patients treated with BCT and a score of 3-4 had a significantly shorter LRR free period than patients treated with mastectomy. Patients treated with BCT with a score of 0-2 had comparable LRR rates with patients treated with mastectomy with the same score. After validating this index in randomized trials, it can be useful in helping to select optimal surgical treatment after preoperative chemotherapy.
How can the tumor be localized after preoperative chemotherapy, especially after cCR?
In case of a cCR, it is impossible to localize the original tumor. In our study, 22 patients (6%) had a cCR. The regime used in our study is probably considered substandard today and it is likely that cCR rates will increase due to better chemotherapy and better selection of patients. Therefore, it will be necessary to localize the tumor bed with a marker before administrating preoperative chemotherapy. This can be performed by the radiologist making use of clips or in vivo detection markers [22] .
What is optimal treatment of the axilla, especially after the introduction of the SLNP?
In the last century, all patients received an axillary lymph node dissection (ALND). In the last decade, the SLNP was successfully introduced to decrease morbidity of local treatment. Normally, SLNP is performed during the operation to identify tumor spread to the lymph node most at risk. It is hypothesized that the axillary drainage can change due to preoperative chemotherapy and therefore influence accuracy of the SLNP. Therefore, an advantage of performing the SLNP before administrating preoperative chemotherapy is an accurate assessment of lymph node involvement. One study showed that sentinel node identification rates were better in patients when the SLNP was performed before, compared to after administrating chemotherapy [23] . However, performing SLNP before chemotherapy does not allow nodal downstaging. In our study, positive clinical node status was 50% in both arms, positive pathological nodal status was 63% in patients receiving postoperative, and 55% in patients receiving preoperative chemotherapy. This can be based on downstaging of the axilla. A recently published prospective study evaluated 54 consecutive breast cancer patients with biopsy-proven axillary nodal metastases at the time of diagnosis [24] . After preoperative chemotherapy, all patients received a SLNP with a complete ALND. The sentinel lymph node identification rate was 98% and 17 patients had no residual axillary disease. This means that, due to downstaging, in 32% of patients morbidity of ALND could be spared. In a meta-analysis of early breast cancer patients (n = 1,273) treated with SLNP and subsequent ALND after preoperative chemotherapy, identification rate of sentinel lymph node ranged from 72% to 100% (pooled estimate of 90%) and sensitivity ranged from 67% to 100% (pooled estimate 88%, 95%CI 85-90) [25] . These data were compared to a large meta-analysis that examined results of SLNP in breast cancer patients (n = 8,059) who did not receive preoperative chemotherapy [26] . Identification rate in this meta-analysis was 90% and the authors concluded that SLNP performed after chemotherapy is reliable. In conclusion, identification rates are almost equal but performing SLNP after preoperative chemotherapy allows downstaging of the axilla and therefore decreased morbidity seen after ALND. Besides this, there is no delay of administration of chemotherapy and there is no need of two surgical procedures [27] . [28, 29] . However, these profiles are not validated for clinical practice. In our study, none of the studied pathological markers was prognostic or predictive. One of the oldest (validated) prognostic and predictive factor is the ER. It was demonstrated that pCR is more likely to occur in patients with ER negative than ER positive disease [30] [31] [32] [33] . Therefore, preoperative chemotherapy may not be the most appropriate preoperative approach for patients with ER positive disease. These patients may benefit more from preoperative hormonal therapy. In a study of 239 postmenopausal breast cancer patients with hormonal positive disease, preoperative chemotherapy (doxorubicin with paclitaxel) was compared with preoperative hormonal therapy (anastrozole or exemestane), both for 3 months [34] . Clinical objective response, time to clinical response, rates of pCR and PD were similar between both treatment groups. Preoperative hormonal and chemotherapy were equal in this patients population. More and more studies are examining the optimal use of preoperative hormonal therapy like the Tamoxifen Exemestane Adjuvant Multicentre Trial II (3 vs. 6 months preoperative therapy with exemestane) and the American College of Surgeons Oncology Group Z1031 study (anastrozole versus exemestane versus letrozole for 4 months preoperative).
What is the change on PD, is fear for PD justified?
One fear to maintain the threshold for preoperative therapy is the chance of PD; there is a possibility that patients initially eligible for surgery can become ineligible for surgery because of tumor growth during chemotherapy. Is this realistic? In our study, 3% of tumors (n = 10) had PD. This is in line with older preoperative chemotherapy studies: PD percentage ranging between 1% and 4% [10, 11, 35, 36] . In one study, reported PD percentage was 12%, however, patients with SD were included [10] . With more recent, more effective chemotherapy regimens it is likely that PD rates decrease. In the German Preoperative Adriamycin and Docetaxel II (GEPARDUO) study, all patients (n = 913) were treated with preoperative chemotherapy. Patients were randomized between doxorubicin combined with docetaxel or with cyclophosphamide followed by docetaxel [37] . PD percentages were 1% and 2% respectively. Forty percent of patients with PD could still be treated with BCT [38] . In the Trial of Preoperative Infusional Chemotherapy (TOPIC), patients (n = 426) were randomized between doxorubicin and cyclophosphamide or epirubicin, cisplatin and fluorouracil; PD rates were 2% and 1% respectively [39] . In conclusion, PD percentages are very low and acceptable. Moreover, in case of PD, it is possible to switch to another chemotherapy regimen or start with local therapy. Therefore, patients can be saved from unnecessary toxic side effects from a therapy which is not effective. It is impossible to determine tumor's sensitivity to chemotherapy when this is given after local treatment. In case of postoperative chemotherapy and a resistant tumor, patients will only experience toxic side effects and no benefit of chemotherapy.
In summary, long term data showed that preoperative chemotherapy for early breast cancer patients is equal to postoperative chemotherapy concerning DFS and OS. Moreover, BCT rates are increased with no additional increase of LRR. Therefore, BCT after preoperative chemotherapy is not associated with an significant increase in LRR and is a safe procedure. 
